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Abstract 
Energy is an important factor effecting the economic development of the countries. The energy dependence is increasing with 
economic growth. This relationship between growth and energy consumption is especially important for energy dependent 
countries. Sustainable economic growth is dependent on meeting the increasing energy demand at the same rate. Relationship 
between energy and economic growth plays a key role in the creation of the countries' energy policies. In a further aspect, if there 
is no relationship between energy consumption and growth, the possibility of negative impact of energy conservation policies on 
the growth, such as energy tax, energy saving policy, energy pricing policy, is eliminated. Therefore, limited energy resources 
against increasing energy need of the countries, foreign-source dependency for energy of many countries and 
environmental/ecological factors in the production, bring the energy issues more important and sensitive position. In this respect, 
the determination of relationship between economic consumption and economic growth in terms of both Turkey’s foreign-
source dependency for the primary energy sources (coal, oil, gas), and Central Asia Turkish Republics’ rich hydrocarbon 
resources and geopolitical position is the focus of this study. 
In this context, this paper aims to investigate the relationship between energy consumption and economic growth in seven 
countries during the period of 1992–2012. For this purpose, it is analyzed cointegration and long-run causality relationship 
between these variables by adopting a Vector Error Correction Model for cointegrated panel data with Turkey, Azerbaijan, 
Kazakhstan, Turkmenistan, Tajikistan, Uzbekistan and Kyrgyzstan.  
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1. Introduction 
After the Industrial Revolution which new discoveries are used intensively in the industry, energy demand has 
made a rapid increase in global scale. Countries which faced with the uneven distribution of energy resources and a 
progressive reduction of reserves with increasing demand have entered into different pursuits. Because today, energy 
is considered among the most basic inputs in the production process for realization of economic and social 
development (Mucuk and Uysal, 2009). 
 
Economic growth is one of the most important factors affecting projected changes in the world's energy 
consumption. In the short term, consumption (spending) decisions of households and firms as demand-side 
determine trend of the economy. The consumption decisions are under the influence of economic factors, such as 
income, interest rates and commodity prices. In the long term, growth potential of any country’s economy is 
determined by country’s production power of goods and services. The growth potential is affected by population 
growth, employment ratio, capital accumulation and innovation (Ersoy, 2010). 
 
The increasing importance of energy as an input in terms of economic growth continue until the increase in oil 
prices in the years of 1973-1974 and 1978-1979. It has been clearly seen in the whole world that energy and energy-
based inputs play an important role in the production process and energy dependency is very large dimensions. 
When this process began to be overcome, the relationship between energy consumption and economic growth cannot 
be ignored in terms of developed and developing countries. And countries are obliged to seek alternative energy 
sources with effect of this process (Güvenek and Alptekin, 2010). 
 
Energy use of developing countries, though quite rest of international standards, shows parallel progress with 
industrialization efforts and income levels increase. In recent years, in many developed and developing countries, 
elasticity coefficient which demonstrates the relationship between economic development and energy use is close to 
the values 1 for especially developing countries. It means that if the elasticity coefficient is one, 1 percent increase in 
the ratio of the energy demand is possible with a growth rate of 1 percent in the economy. In developed countries, 
the elasticity coefficient which is calculated the increase between energy demand and GDP is usually smaller than 1. 
This different result of developed and developing countries is caused by increasing energy need of developing 
countries (Kulalı, 1997). 
 
As a developing country, Turkey's energy consumption is growing rapidly. In the last decade, Turkey is the 
second country in terms of the world natural gas and electricity demand after China. Besides, It is considered that 
Turkey is the most dynamic country in terms of energy demand in the next period. Turkey’s energy import 
dependency is growing especially oil and natural gas. Therefore, electricity, oil and natural gas investments should 
be made in Turkey. However, approximately %26 of Turkey’s total energy demand derived from domestic sources, 
part of the remaining % 74 obtained from various external sources. In this context, Turkey is an energy-dependent 
country, for this reason the definition of the relationship between economic growth and energy consumption is very 
important (Republic of Turkey Ministry of Foreign Affairs, 2011). 
 
In terms of the Central Asian Turkish Republics, it is observed that the countries gained their independence in the 
Soviet Union as a result of dissolution become more open in both economics and communications. As well as having 
rich energy reserves of the countries, energy production and consumption creates a huge impact on the region's 
economy and development. Kazakhstan, Turkmenistan, Uzbekistan and Azerbaijan are about the most important 
countries in terms of hydrocarbon reserves (crude oil, petroleum products, natural gas, LNG and coal), Tajikistan 
and Kyrgyzstan are about the most important countries in terms of hydropower potential (Öztürk, et.al., 2013). 
Kazakhstan is the first place in energy production and consumption. However, it should be noted that Central Asia 
and the Caucasus is jointed together with a wide geographical area, as well as they have oil and natural gas reserves, 
they also have the necessary resources to the modern world, such as strategic metals especially uranium 
(Çaşın,2012).  Rich underground resources, Central Asia's unique geographical structure and the existing balance of 
power bring about a process in which comes to the fore economic and technological elements rather than the security 
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in the region competition.  On the basis of energy, this process provides that global competition in Central Asia settle 
on the axis of political economy and the region is gain geo-economic characteristic. In brief, it is considered that the 
political and economic impact of energy production and consumption on development of both each of the Central 
Asian Turkish Republics, Turkey and the region. 
2. Literature Review  
In the literature, the relationship between energy consumption and economic growth has been intensively 
researched since the late 1970's. In the literature, these studies failed to achieve a consensus on the direction of the 
causal link between economic growth and energy consumption. Along with the empirical findings according to 
which energy consumption supports economic growth, findings that economic growth affects energy consumption 
are also common. Considering in the context of economic policies, these conclusions are considerable for the 
countries (Akpolat and Altıntaş, 2013). 
 
In this context, these different outcomes have been synthesized into four hypotheses within the literature. Firstly, 
the growth hypothesis suggests that energy consumption is a crucial component in economic growth. It implies that 
energy consumption causes economic growth. This means that while energy is a limiting factor to growth, a policy 
to increase investment in industrial sectors, particularly electrification is likely to stimulate the economic 
development. Therefore, while increases in energy consumption may contribute to further economic growth, 
reductions in energy consumption may have negative effects on growth. Secondly, the conservation hypothesis is 
based on a unidirectional causal relationship running from economic growth to energy consumption. This hypothesis 
implies that economic growth causes energy consumption. It suggests that an economy that functions in such a 
causal relationship is less energy dependent; consequently, any conservation policies concerning energy 
consumption will have little or no adverse effect on economic growth. Thirdly, the feedback hypothesis or the 
bidirectional causality emphasizes an interdependent relationship between energy consumption and economic 
growth. Both energy consumption and economic growth trigger each other. Finally, the neutrality hypothesis means 
that energy consumption is not correlated with economic growth and suggests that neither conservative nor 
expansive energy policies have any effects on economic growth. In other words, no causal relation exists between 
economic growth and energy consumption (Akpolat and Altıntaş, 2013; Öztürk, 2010). 
 
This issue is also important in terms of differences in methodology in the literature. The empirical literature 
provides mixed evidence with respect to the relationship between energy consumption and economic growth. 
However, inconsistency in empirical results is largely caused by factors such as the use of different econometric 
methods, time periods, country-specific heterogeneity, climate conditions, economic development and energy 
consumption patterns, among other things. The methodological point of view, four types of studies can be identified. 
First type studies applied the Vector Auto Regression Model (VAR) in the tradition of Sims (1972). Second type 
studies include non-stationary data and performed cointegration analysis to examine the long-run relationship 
between energy consumption and economic growth. Third type studies have used multivariate estimators in the style 
of Johansen (1991) which allows for more than two variables in the cointegration relationship. Recently, fourth type 
studies have been employed. In these studies, it has been applied developed panel-econometric methods to test for 
unit roots and cointegration relations. In addition, most of the studies in empirical literature about the relationship 
between energy consumption and economic growth are formed on the basis of production side models, which often 
include capital stock and labour in addition to energy consumption and GDP. In this context, some selected studies 
and their empirical setups for the relationship between energy consumption and economic growth are summarized in 
Table 1. 
Table 1. An Overview of Empirical Literature: Selected Studies 
AUTHOR(S) METHOD COUNTRIES RESULT 
Kraft and Kraft (1978) Sims Causality USA Growth          Energy  
Yu and Choi (1985) Granger Test South Korea Growth          Energy 
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Philippines Energy           Growth    
Erol and Yu (1987) Granger Test USA Energy≠ Growth 
Yu and Jin(1992) Granger Test USA Energy≠ Growth 
Masih and Masih (1996) VECM Malaysia  
Singapore 
Philippines 
Indonesia  
India 
Pakistan 
Energy≠ Growth 
Energy≠ Growth 
Energy≠ Growth 
Growth          Energy 
Energy          Growth     
Energy           Growth 
Glasure and Lee (1998) VECM South Korea 
Singapore 
Energy           Growth 
Energy           Growth 
Masih and Masih (1998) VECM Sri Lanka 
Thailand 
Energy         Growth  
Asafu Adjaye (2000) VECM India 
Indonesia 
Thailand 
Philippines 
Energy           Growth 
Energy           Growth 
Energy           Growth 
Energy           Growth 
Hondroyiannis et al. (2002) VECM Greece Energy           Growth 
Soytas and Sari (2003) VECM Argentina 
South Korea 
Turkey 
Indonesia 
Poland 
Canada 
USA 
UK 
Energy           Growth 
Growth          Energy 
Energy           Growth    
Energy           Growth 
Energy           Growth 
Energy           Growth 
Energy           Growth 
Energy           Growth 
Lee (2005) Panel VECM 18 Developing Countries Energy         Growth 
Al-Iriani (2006) Panel VECM Gulf Coop. C. Growth          Energy 
Lee and Chang (2008) Panel VECM 16 Asian Countries Energy           Growth 
Lee et al. (2008) Panel VECM 22 OECD Countries Energy           Growth 
Chiou-Wei et al. (2008) Granger Causality Philippines 
Singapore  
Taiwan 
Hong Kong 
Malaysia 
Indonesia  
Growth          Energy 
Growth          Energy 
Energy           Growth    
Energy           Growth    
Energy           Growth    
Energy           Growth    
Narayan and Smyth (2008) Panel VECM G7 Countries Growth          Energy 
Lee and Chang (2008) Panel VECM 16 Asian Countries Energy           Growth 
Apergis and Payne (2009) Panel VECM 6 Central American Countries Energy           Growth 
Lee and Lee (2010) Panel VECM 25 OECD Countries Energy           Growth 
Öztürk and Acaravcı 
(2010) 
ARDL Bounds 
Testing 
Cointegration 
Turkey Energy≠ Growth 
Aslan et al. (2013) Panel Granger 47 US states Energy           Growth 
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Causality Test 
Amar (2013) Panel VECM 22 African Countries Growth          Energy 
Notes: Energy→Growth means that the causality runs from energy consumption to growth. Growth→Energy means that the causality runs from 
growth to energy consumption. Energy↔Growth  means that bi-directional causality exists between energy consumption and growth. Energy 
≠Growth  means that no causality exists between energy consumption and growth. 
 
In this context, it is seen that the relationship between energy consumption and economic growth has been the 
main issue of intensive research during the last two decades. Some of selected studies in the empirical literature (in 
Table 1) using panel data, reveal different results which depend upon the countries and the period held in the 
analysis, as well as the econometric techniques used. Based on the findings of these studies, it is evaluated that 
although energy is required to initiate a genuine process of development, an increase in production is not a sufficient 
condition to generate sustained growth. Thus it would be interesting to analyze the relationship between energy 
consumption and economic growth in order to define an optimal energy policy that matches the objectives of 
economic development. 
3. Methodology 
3.1. Research Goal 
This study aims to investigate the relationship between energy consumption and economic growth in seven 
countries during the period of 1992–2012. For this purpose, it is analyzed cointegration and long-run causality 
relationship between these variables by adopting a Vector Error Correction Model for cointegrated panel data with 
Turkey, Azerbaijan, Kazakhstan, Turkmenistan, Tajikistan, Uzbekistan and Kyrgyzstan.  
3.2. Sample and Data Collection 
The analysis of this study is conducted on energy consumption and economic growth. It is used annual total 
primary energy resources consumption, ECONS and real GDP data in this study. The data are sourced from U.S. 
Energy Information Administration's (EIA) and World Development Indicators (World Bank national accounts data, 
and OECD National Accounts data files). 7 countries are considered in this study are selected according to data 
availability for the 1992-2012 period. All variables are employed with their natural logarithms form to reduce 
heteroscedasticity. 
 
This study shapes around four basic stages. The first is to examine the stationary of the variable using panel unit 
root tests. The second is to examine the long run relationship using cointegration analysis among variables used on 
panel data. The third is to estimate the long run relationship with panel Fully Modified Ordinary Least Square 
(FMOLS) and Dynamic Ordinary Least Square (DOLS) methods. The fourth aim is to estimate a panel vector error 
correction model (VECM) in order to provide causal relationships. 
3.3. Analyses and Results 
In this study, firstly panel unit root tests are used for 7 countries. After the cointegration test (Pedroni, 1999), the 
presentation of panel FMOLS and DOLS models is performed. Finally, it is applied causality tests within a vector 
error correction model for cointegrated panel data with Turkey and Central Asian Turkish Republics.  
 
In the analysis of primary energy resources consumption and real GDP, panel unit root tests (LLC, IPS and 
Breitung) can be applied. The recent literature proposes several methods for unit root tests in panel data. Because of 
different results of these methods, it is selected Levin, Lin and Chu (2002) LLC, Breitung (2000) and Im, Perasan 
and Shin (2003) IPS to perform panel data unit root tests. In all these tests, the null hypothesis is that the variable 
contains a unit root (i.e., it is not stationary). The results are reported in Table 2 below.  
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Table 2. Results of Panel Unit Root Tests 
 I(0) I(1) I(2) 
Variables LLC IPS  Breitung LLC IPS  Breitung LLC IPS  Breitung 
GDP Constant 3.719 
(0.999) 
5.789 
(1.000) 
- -3.608* 
(0.000) 
-3.166* 
(0.000) 
- -10.97* 
(0.000) 
-10.46* 
(0.000) 
- 
Constant 
and 
Trend 
-
4.253* 
(0.000) 
-2.728* 
(0.003) 
7.890 
(1.000) 
-4.456* 
(0.000) 
-2.929* 
(0.001) 
-0.749 
(0.226) 
-10.81* 
(0.000) 
-9.993* 
(0.000) 
-3.895* 
(0.000) 
ECONS Constant 0.577 
(0.718) 
-0.008 
(0.496) 
- -6.551* 
(0.000) 
-6.501* 
(0.000) 
- -15.85* 
(0.000) 
-14.68* 
(0.000) 
- 
Constant 
and 
Trend 
-
1.554*
** 
(0.060) 
-0.926 
(0.177) 
-0.597 
(0.724) 
-4.754* 
(0.000) 
-5.272* 
(0.000) 
-3.732* 
(0.001) 
-13.69* 
(0.000) 
-12.75* 
(0.000) 
-4.511* 
(0.000) 
Note:*, ** and *** indicate stationarity at 1%, 5%, and 10% significance levels, respectively. Values in parentheses indicate the possibilities. Lag 
length is selected automatically according to the Schwarz criterion. 
 
Table 2 includes level, first difference and second difference level results of unit root tests. According to all of 
tests, it has been reached that all series are stationary and include statistically significant results in second difference 
level. Thus, the problem of unit root which is in level and first difference is eliminated.  
 
After panel unit root tests, cointegration test apply to investigate the long-run relationship for series. Thus, in this 
part of study, it is applied Pedroni (1999) Cointegration Test to expain the long-run relationship between energy 
consumption (ECONS) and economic growth (GDP), and it is used energy consumption and economic growth data 
for the period of 1992-2012 in Turkey and Central Asian Turkish Republics. This test developed by Pedroni (1999, 
2004) proposed seven panel cointegration statistics under null hypothesis H0:pi=0. The seven tests are based on the 
absence of cointegration. The cointegration panel model of relationship between economic growth and energy 
consumption for these countries is given as follows:  
 
                                                                      (1) 
 
The results are reported in Table 3. below.  
Table 3. Pedroni Residual Cointegration Test 
Panel Statistics 
 Statistic Prob. Statistic Prob. 
Panel v-Statistic -1.190438  0.8831 -1.252646  0.8948 
Panel rho-Statistic -8.151596  0.0000 -4.982807  0.0000 
Panel PP-Statistic -34.85290  0.0000 -7.894790  0.0000 
Panel ADF-Statistic -12.35575  0.0000 -6.129335  0.0000 
     
Group Statistics 
 Statistic Prob.   
Group rho-Statistic -3.954555  0.0000   
Group PP-Statistic -15.10383  0.0000   
Group ADF-Statistic -9.604886  0.0000   
Note:*, ** and *** indicate stationary at 1%, 5%, and 10% significance levels, respectively. 
 
Pedroni Cointegration Test which investigates the long-term relationship between energy consumption (ECONS) 
and economic growth (GDP) based on the hypothesis H0 (no cointegration between the series) was rejected. Three 
399 Canan Sentürk and Ceyda Sataf /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  393 – 402 
of the test results of the panel statistics are statistically significant level of 1%. All of group statistics are statistically 
significant at 1% level. With the overall evaluation, six test results (panel and group statistics) in Pedroni Panel 
Cointegration Test illustrate the cointegration relationship between the series.  
 
Thus it may be noted that there is a significant relationship between energy consumption and economic growth in 
the long term. In this context, energy consumption (ECONS) and economic growth (GDP) in Turkey and Central 
Asian Turkish Republics acts together in long term and these analyses indicates that long-run relationship between 
the variables.  
 
Given that the variables are cointegrated, the next step is to estimate the long-run equilibrium relationship. The 
OLS estimator is a biased and inconsistent estimator when applied to cointegrated panel. For this reason, Pedroni 
suggested a fully modified OLS estimator, the FMOLS which becomes a dynamic DOLS and gives for the between-
dimension “group mean”, the estimators of DOLS and FMOLS methods. These estimators allow us for a larger 
flexibility in the presence of heterogeneity in the examined cointegrated vectors (Pedroni 1999, 2000, 2001, 2004). 
Table 4. Cointegrated Regressions: Panel FMOLS and DOLS 
Dependent Variable: GDP  
 Method 
 FMOLS DOLS 
ECONS 9.8434* 
(0.000) 
11.3345* 
(0.000) 
R-squared 0.24980 0.61691 
Adjusted R-squared 0.24980 0.55642 
Note: * denotes statistical significance at the 1% level. 
 
After the presentation of panel FMOLS and DOLS models, it can be examined the consequences. Table 4. 
represents panels FMOLS and DOLS results for Turkey and Central Asian Turkish Republics. According to the 
panel DOLS results, ECONS is significant at 1% level in Turkey and Central Asian Turkish Republics. All of the 
coefficients have positive signs which are compatible with the theory. Accordingly, FMOLS results demonstrate that 
ECONS series for seven countries have positive and statistically significant signs at 1% level. That means, there is a 
positive relationship between energy consumption and economic growth. According to the DOLS and FMOLS 
models consequences, increases in energy consumption leads to increases in GDP.  
 
The direction of causality can be detected through the Vector Error Correction model (VECM) of long-run 
cointegrating vectors. After the determination of the series to be cointegrated in the long term, whether there is any 
causality relationship between the variables and it is tried to determine the direction of causality. Variables have 
defined as dependent variables and independent variables using a two-period lag length with the help of Schwarz 
criterion and the analysis have been performed. Any errors or extreme values were observed in the specification of 
the model and test results are reported in Table 5 below. 
Table 5. Panel Vector Error Correction Estimates 
Error Correction 
 
D(GDP) 
 
D(ECONS) 
 
D(GDP(-1)) 
-1.064571 
[-10.1556] 
 5.87E-13* 
[ 0.51585] 
D(GDP(-2)) 
-0.605812 
[-5.60034] 
 2.84E-13* 
[ 0.24182] 
D(ECONS(-1)) 
 1.02E+11 
[ 5.88089] 
 0.617542 
[ 3.27567] 
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D(ECONS(-2)) 
 5.54E+10 
[ 5.69184] 
 0.247479 
[ 2.34196] 
C 
-5.33E+08 
[-0.47506] 
-0.004798* 
[-0.39391] 
ECT 
-0.038986* 
[-5.49558] 
-7.44E-13* 
[-9.67411] 
 R-squared  0.625163  0.793892 
 Adj. R-squared  0.607482  0.784170 
Note: *, ** and *** indicate stationary at 1%, 5%, and 10% significance levels, respectively. 
 
According to Jones and Joulfaian (1991), changes in the lag length values of independent variables show short-
term effects, and ECT indicates long-term effect. Thus, these results indicate that insignificancy of most of 
independent variables as a group means that there is not short-run relationship between variables, and negative and 
significant ECT means that there is long-run relationship between variables. 
 
The values in bracket refer to the t-statistic values of variables. T-statistic of variable ECONS shows the -9.67 
value. This value is statistically significant at the 1% level. This means that there is the long-term causality from 
GDP to the energy consumption. Likewise, t-statistic of variable GDP is -5.49. This value is statistically significant 
at the 1% level. Accordingly, the long-term causality from energy consumption to GDP is available. Thus, it is 
observed that there are long-term two-way causality between GDP and ECONS. 
4. Conclusion 
Rich underground resources, Central Asia's unique geographical structure and the existing balance of power bring 
about a process in which comes to the fore economic and technological elements rather than the security in the 
region competition.  On the basis of energy, this process provides that global competition in Central Asia settle on 
the axis of political economy and the region is gain geo-economic characteristic.  In brief, it is considered that the 
political and economic impact of energy production and consumption on development of both the Central Asian 
Turkish Republics and Turkey. Thus, the definition of the relationship between economic growth and energy 
consumption is very important.  
 
In the literature, the relationship between energy consumption and economic growth has been intensively 
researched since the late 1970's. In the literature, these studies failed to achieve a consensus on the direction of the 
causal link between economic growth and energy consumption. Along with the empirical findings according to 
which energy consumption supports economic growth, findings that economic growth affects energy consumption 
are also common. Considering in the context of economic policies, these conclusions are considerable for the 
countries (Akpolat and Altıntaş, 2013:115). 
 
In this study, analyses indicate that acceptable hypothesis is the feedback hypothesis. According to this 
hypothesis, the bidirectional causality emphasizes an interdependent relationship between energy consumption and 
economic growth. Both energy consumption and economic growth trigger each other. In this context, results of the 
study indicate that insignificancy of most of independent variables as a group means that there is not short-run 
relationship between variables, and negative and significant ECT means that there is long-run relationship between 
variables. Accordingly, the long-term causality from energy consumption to GDP is available. Thus, it is observed 
that there are long-term two-way causality between economic growth and energy consumption. 
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